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ABSTRACT 



The invention relates to a method for prescription of scan- 
ning parameters determining the orientation and location of 
tomographic imaging planes. The invention facilitates the 
process of re-scanning a patient at different times. This is 
achieved by tlie computation of the cturent orientation and 
location of the patient relative to lus or her orientation and 
location during a previous examination by matching (3) a 
current reference scan image (1) with the image data of a 
corre^onding previous reference scan (2). The current 
examination scannii^g parameters are calculated by adjust- 
ing the scanning parameters of the previous examination in 
accordance with the relative position of the patient during 
the current examination. 
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AUTOMATIC PRESCRIPTION OF TOMOGRAPHIC 
IMAGING PARAMETERS 

BACKGROUND 

[0001] The inveolioD relates to a method for prescription 
of scaoDing parameters determining the orientation and 
location of tomographic imaging planes, wherein a current 
reference scan of an object is performed, the image data of 
the reference scan being analyzed, thereby extracting geo- 
metric data defining the current orientation and location of 
the examined object in the scanner, and wherein scanning 
parameters for one or more current examination scans are 
computed by relating the current geometric data of the 
examined object to the corresponding geometric data of the 
same object during a previous examination. 

[0002] Furthermore, the invention relates to a computer 
program for carrying out the method of the invention and a 
tomographic imaging apparatus operating according to this 
method. 

[0003] In medical imaging, such as magnetic resonance 
imaging (MRI) or computer tomography (CT), an image of 
a section or slice of a region of interest of a patient is 
reconstructed from the magnetic resonance signals (MRI) or 
the X-ray beam projections (CT). Typically, the scanning of 
patients for medical purposes is performed according to 
manual prescriptions of the scanning parameters determin- 
ing the orientation and location of the imaging planes. 
Because of the variability in the selection of the most 
appropriate angulation and ofif-center parameters of the 
imaging planes it is a difScult task to achieve good repro- 
ducibility for scans of the same patient which are repeated 
at different examination sessions at different times. 

[0004] There is a need to facilitate the process of re- 
scanning a patient at different times. This is because there 
are several groups of patients with diseases, like for example 
cancer, multiple sclerosis, Alzheimer's disease, and others, 
which have to be examined several times in order to assess 
the progression of the disease and the success of the applied 
therapy. An accurate analysis of the development requires 
precise prescription of scanning parameters. Furthermore, 
accurate re-scanning also plays an important role in inter- 
ventional radiology. Current practice is to send the patient 
for a repeated tomographic examination with the imaging 
results of the previous examinations on film. From these 
images the radiologist or the operator of the tomographic 
apparatus then usually tries to trace back the scanning 
parameters of the previous examination. This proceeding is 
very laborious, cumbeisome and little precise, particularly if 
several angulations of different scans are involved. The 
totally manual prescription of scanning parameters for re- 
scanning of a patient thus takes a long time and is not very 
accurate in terms of positioning of the imaging planes. Often 
more than one attempt is required before reasonable results 
are obtained. 

[(H)05] Therefore it is readily appreciated that there is a 
need for methods which enable a more or less automated 
prescription of scanning parameters for repeated rescanning 
of the same patient, thereby minimizing the involvement of 
human operators. Such methods are particularly useful if 
they directly provide a set of scanning parameters depending 
on the corre^onding parameters of previous examinations. 



[0006] Such a method is for example described in U.S. 
Pat. No. 6,195,409 Bl, According to this known method one 
or more so-called localizer scans are performed initially. 
Thereafter, these localizer images are analyzed in order to 
extract structural information about the examined object, 
such as size, location and oriratation of the object or organ. 
As a result of this analysis, an abstract, schematic descrip- 
tion (a model) of the examined object is obtained. This 
abstract schematic description is then matched with a so- 
called reference template which additionally contains infor* 
mation about the location of the imaging planes and the 
scanning parameters. The above mentioned model is an 
abstract, schematic description of the object of interest 
consisting of geometric and structural information corre- 
sponding to geometric and physical attributes of the object. 
The model comprises for example coordinates identifying 
characteristic features of the examined object, such as the tip 
of the nose, an eye and other reference points which corre- 
spond to characteristic anatomic stiuctures. Extracting the 
parameters of the model from the localizer images involves 
geometric transformations which are iteratively performed 
until an optimal fit between the generic model and the 
particular image data is obtained. Once the model is matched 
with the image data, the various imaging planes are deter- 
mined from the planes of the template, thus allowing the 
automated prescription of new scanning parameters. 

[0007] The main drawback of the above technique is based 
on the use of the abstract, schematic model. The implemen- 
tation of the complex matching procedure of the model with 
the reference image of the examined object is difficult or 
even not practicable, particularly on tomographic scanners 
with limited computing capacities. The generic model is 
most appropriate to automatically select optimal, standard 
imaging planes for any individual patient, but it is not 
optimally suited to meet the specific requirements of re- 
scanning the same patient repeatedly at different examina- 
tion sessions at different times. This is because the known 
method makes no use of individual characteristic features of 
a single individual which can advantageously be exploited if 
the same examination of the same patient has to be per- 
formed again and again. Indeed, it is already current practice 
of the operators of tomographic scanners to use such indi- 
vidual features to manually trace back the scaiming param- 
eters of the previous examinations. In contrast to this, the 
known method will fail to accurately find the same orien- 
tation and location of the imaging planes again if changes of 
the object of interest occur between the examinations, as it 
is typically the case during the progression of a disease like 
cancer, multiple sclerosis and others. In such situations not 
only the orientation and position of the examined object in 
the scanner but also its physical properties have changed 
diuing the period between the examinations. 

SUMMARY 

[0008] It is consequently the primary objective of the 
present invention to provide an improved technique for the 
prescription of scanning parameters for tomographic imag- 
ing. 

[0009] It is a further object to enable a fully or semi- 
automated prescription of scanning parameters which is 
optimally suited for repeated re-scaiming of the same 
patient, thereby making use of characteristic anatomical 
properties of the examined individual. 
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[0010] Id accordance with the present invention, a method 
for prescription of scanning parameters of the type specified 
above is disclosed, wherein the aforementioned problems 
and drawbadcs are avoided by the computation of the 
ctirrenl orientation and location of the object relative to its 
orientation and location during the previous examination by 
matching the current reference scan image data with the 
image data of a previous reference scan, the current exami- 
nation scanning parameters being calculated by adjusting the 
scanning parameters of the previous examination in accor- 
dance with the relative orientation and location of the object 
during the current examination. 

[0011] The present invention enables to perform tomo- 
graphic scanning with the relation between the geometries of 
the patient and the imaging planes being equal at each 
repeated examination session. This is achieved by the reg- 
istration of reference scan image data which is employed to 
establish a well defined initial scanning geometry. The 
reference scan is performed as well during the previous as 
during the current examination with sufficient anatomical 
coverage to safely assess the orientation and location of the 
patient in the scanner. The previous angulation and off- 
center parameters, which were for example determined 
when the examination was manually planned at the first 
session, are reestablished at the current examination by 
comparison of the previous and the current reference scan 
image data. For the method of the invention, which in 
practice has to be implemented on a computer, it is needed 
to have the digital data of the previous examinations avail- 
able. This requirement can easUy be met by adding the 
necessary image data to the corresponding entry of a patient 
database as it is well known in the art. 

[0012] The method of the present invention is simple, fast, 
precise and very robust in terms of assessing the orientation 
and location of the examined object in the scanner because 
it makes use of the characteristic features of the same object 
which has already been examined at a previous session. No 
difficult model reconstruction, as it is described in the atx)ve 
cited U.S. patent, is needed. It is particularly advantageotis 
that the investigation of the relative geometric data can be 
performed easily and fast by taking low resolution images of 
a volume of interest which has been defined during the 
previous examination of the patient. Once the relative ori- 
entation and location of the patient is established, the new 
scanning parameters are prescribed by simply adjusting the 
corresponding parameters of the previous examination 
accordingly. The previous scanning parameters can be made 
available most easily by including them into the patient 
database entry. 

[0013] ^th the method of the invention it is useful if the 
matching of the current and previous reference scan image 
data is performed by identification of three or more corre- 
sponding landmark points in the scan volumes of both the 
current and previous reference scans. 

[0014] Three landmark points in space, which might for 
example represent the location of characteristic anatomic 
features, span a plane whose orientation (angulation) rela- 
tive to the coordinates of the scan volume of the reference 
scan is known for both the previous and the current exami- 
nation. The off-centers are known for both, too. From the 
previous data, including the coordinates of the landmark 
points relative to the reference scan volume and the orien- 



tations and locations of the examination imaging planes 
relative to the geometry of the reference scan, the scanning 
parameters for the subsequent current examination are 
•derived by adding the relative off-centers and angulations of 
the plane spanned by the landmaik points of the current 
reference scan in orcter to obtain equal imaging planes for 
the current examination. Optionally more than three land- 
mark points niight be identified in order to increase the 
accuracy of the method. Three landmaik points are sufficient 
to compensate for translations and rotations of the examined 
object between subsequent examinations. If more than three 
landmark points are employed also stretching and trending is 
taken into account. 

[0015] The above described identification of landmaik 
points can be carried out either manually by an operator of 
the scanning device or automatically by means of an appro- 
priate image recognition or pattern matching algorithm. 
According to the method of the present invention, the 
matching of the current and previous reference scan image 
data is in this case performed by recognition of characteristic 
features in the images of both the current and the previous 
reference scans. 

[0016] It is advantageous to carry out the matching of the 
current and previous reference scan image data by identifi- 
cation of landmark points, because in this case the scanning 
parameters of the previous and current reference scans do 
not necessarily have to be identical. When using anatomical 
landmarks, variations in the field of view or in the contrast 
of the images can easily be dealt with. It is also possible to 
employ any diagnostic anatomical scan as reference scan 
images for the identification of the anatomical landmarks as 
long as the position of the imaging planes relative to the 
geometry of the landmark points is known. Therefore it is 
useful if the relative geometry of the examination imaging 
planes and the anatomical landmark points is also stored in 
the patient database, thereby enabling the scanning param- 
eters to be calculated automatically once the landmark 
points are identified in the current reference image data. 

[0017] As an useful alternative, by which the involvement 
of a human operator is completely eliminated, it is also 
possible to perform the matching of the current and previous 
reference scan image data by finding a geometric transfor- 
mation that minimizes the differences between the two 
images. This can be done by application of standard algo- 
rithms which iteratively compute the parameters of the 
geometric transformation until the difference between the 
two reference images is minimal. The resulting geometric 
transformation is defined by rotation angles and a translation- 
vector representing the relative orientation and location of 
the patient with respect to the previous examination. These 
data can directly be used to compute the scanning param- 
eters of the current examination by applying the same 
geometric transformation to the scanning parameters of the 
previous examination. 

[0018] A computer program adapted for carrying out the 
method of the present invention employs a matching algo- 
rithm which processes the image data of the current refer- 
ence scan, thereby extracting geometric data defining the 
current orientation and location of the examined object in 
the scanner, and further relating the current geometric data 
of the examined object to the corresponding geometric data 
of the same object during a previous examination. This 
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matching algorithm computes the curreol orientation and 
locatioD of the object relative to its orientation and location 
during the previous examination by matching the current 
reference scan image data with the image data of a corre- 
sponding previous reference scan, the ciu-rent examination 
scanning parameters being calculated by adjusting the scan- 
ning parameters of the previoiis examination in accordance 
with the relative orientation and location of the object during 
the current examination.* 

[0019] Such a computer program can advantageously be 
implemented on any common computer hardware which is 
presently in clinical use for the control of tomographic 
imaging apparatus, such as for example MRI or CT scan- 
ners. The computer program can be provided on suitable 
data carriers, such as CD-ROM or diskette. Alternatively, it 
can also be downloaded by a user from an internet server. 

[0020] For a practical implementation of such a computer 
program, both the current and the previous reference images 
are presented to the operator by means of a computer display 
device, thereby enabling the operator to perform the match- 
ing of the current and the previous reference image data 
interactively by identifying three or more corresponding 
landmark points in the scan volumes of both the current and 
previous reference scans. 

[0021] The computer program can for example provide a 
user interface with multiple viewports to present different 
three dimensional views of the examined object to the 
operator. Botb the previous and the current reference scan 
images are displayed in different viewports. A very intuitive 
method for facilitating the matching of the previous and the 
current reference scan images is to display slices through 
different anatomical landmarks in the viewports. The orien- 
tations and locations of these slices can be interactively 
maniptilated by the user. The matching procedure is com- 
pleted when the user decides that corresponding slices which 
are displayed in the different viewports have the same 
locations and orientations relative to the position of the 
examined object in the images of both the previous and the 
current reference scans. 

[0022] In order to obtain maximtun accuracy, it is further- 
more advantageous if the matchiiig of the current and 
previous reference scan image data is refined by automatic 
recognition of characteristic features in the images of both 
the current and the previous reference scans and/or by 
finding a geometric transformation that minimizes the dif- 
ferences between the two images. Thus an optimal result is 
obtained by alternately applying an interactive, user-con- 
trolled and a fiiUy automatic matching procedure. It is 
possible to start the matching of the previous with the 
current reference scan image data with either a user-con- 
trolled or an automatic matching method. In case of large 
differences between the previous and the current examina- 
tion, which can for example be due to the progress of the 
disease or to the resection of a tumor, the automatic regis- 
tration of the position of the patient in the scanner may fail. 
In such simations the user may decide to start the matching 
procedure interactively and subsequently refine the local- 
ization by an automatic matching algorithm. 

[0023] Interactive matching by finding a geometric trans- 
formation that minimizes the differences between the two 
images can be implemented by the visualization of subtrac- 
tion images. If the same scanning parameters are employed 



for both the previous and the current reference scans, the 
matching can be indicated to the user by di^laying a 
difference image of the previous and the current reference 
scans. The optimal transformation is found if the difference 
image shows a more or less homogeneous minimum inten- 
sity. 

[0024] It is possible to incorporate the method of the 
present invention in dedicated tomographic imaging appa- 
ratus, such as MRI or CT devices, comprising a scanner and 
a computer, wherein the scanner comprises means for gen- 
erating tomographic images according to scanning param- 
eters being prescribed by the computer, and wherein the 
computer comprises a memory and a program control which 
operates according to the method of the present invention. 

DRAWINGS 

[0025] The following drawings disclose preferred e mbodi- 
ments of the present invention. It should be understood, 
however, that the drawings are designed for the purpose of 
illtistration only and not as a definition of the limits of the 
invention. 

[0026] In the drawings 

[0027] FIG. 1 shows a representation of the method of the 
present invention as a block diagram; 

[0028] FIG. 2 shows a magnetic resonance system 
adapted to operate according to the method of the present 
invention. 

DESCRIPTION 

[0029] FIG. 1 represents the workflow of a typical imple- 
mentation of the present invention. It starts with the regis- 
tration of a siuvey scan image 1. For this puipose it is 
sufficient to take low resolution images of a volume of 
interest which is selected to allow for a reliable assessment 
of the position of the patient in the scanner. After step 1 it 
is either possible to start directly with the extraction of the 
required geometric data by taking the survey scan 1 as 
current reference scan image data in the sense of the present 
invention. In this case, the image data from a previous 
examination 2, which is stored in the patient database entry, 
is used to perform the matching of the current reference scan 
image with the image data of the corresponding previous 
reference scan in step 3. As an alternative, the image data of 
the survey scan 1 is transferred to a plan scan tool which is 
used by the operator of the tomographic scaimer in step 4 to 
interactively plan the subsequent scanning of the patient. In 
step 5, either a £uU anatomical examination scan or jus! a 
short reference scan is initiated in accordance with the 
prescription of the operator in step 4. Thereafter, the actual 
matching of the previous and the current reference image 
data is carried out in step 3. The ciurent reference scan 
image data can either be the survey image of step 1 or at least 
parts of the image data generated in step 5. The correspond- 
ing previous reference scan image data 2, which are pro- 
vided in digital form by the patient database, are selected 
automatically. 

[0030] There are different possibilities of computing the 
current orientation and location of the examined object 
relative to its orientation and location during the previous 
examination. As described above, both the current and the 
previous reference scan images can be presented to the 
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Operator who performs the matching inleractively by iden- 
tifying three or more corresponding landmark points in the 
respective images. Additionally, the matching of the refer- 
ence scan image data cao be refined by automatic recogni- 
tion algorithms or by finding a geometric transformation that 
minimizes the differences between the previous and the 
current images. Depending on the scanning parameters of 
the reference scans it might be necessary to interpolate the 
image data in accordance with the scanning parameters of 
the previous examination session 2 before the actual match- 
ing of corresponding images can be carried out. 

[0031] Once the relative orientation and location of the 
patient with respect to the previous examination 2 is settled, 
also the calculation of the current examination scanning 
parameters is performed in step 3. The corresponding scan- 
ning parameters of the previous examination 2 are again 
extracted from the patient database and adjusted in accor- 
dance with the relative position of the patient during the 
current examination. 

[0032] Thereafter, the angulations and off-center param- 
eters which have been computed in step 3 can be presented 
to the operator by means of a plan scan tool in step 6. The 
operator can check and confirm the results of the matching 
procedure. He is also enabled to further adjust the scanning 
parameters manually before the actual examination scanning 
is initiated in step 7. It is also possible to start the scanning 
procedure 7 immediately without any involvement of the 
operator. If a fiill anatomical scan was performed in step 5, 
redundant scanning is avoided by computing '*re-5lioed" 
images based on the image data in step 8 in accordance with 
the image plane orientations and locations which have been 
computed in step 3. This allows for the application of the 
method of the invention as a mere post-processing of 
conventionally registered image data. 

[0033] A magnetic resonance system as shown in FIG. 2 
is suitable for carrying out the method of the invention. It 
includes a coil 9 for generating a steady, uniform magnetic 
field, gradient coils 10, 11 and 12 for generating gradient 
pulses in the x, the y and the z direction, and an RF 
transmission coil 13. The temporal succession of the gradi- 
ent pulses is controlled by means of a control imit 14 which 
commimicates with the gradient coils 10, 11 and 12 via a 
gradient amplifier 15. Furthermore, the control unit 14 is 
connected to the RF transmission coil 13 via an RF trans- 
mission amplifier 16, so that powerful RF pulses can be 
generated. The MR signals, which are excited by the RF 
pulses, are registered by a RF receiving coil 17. The system 
also includes a reconstruction unit in the form of a micro- 
computer 18 as well as a visualization unit 19 which may be 
a graphic monitor. The spin resonance signals, which are 
registered by the RF receiving coil 17 are demodulated and 
amplified by a receiver unit 20. Id the reconstruction unit 18 
the spin resonance signals are subjected to Fourier analysis 
in order to generate images of regions of interest of a patient 
21. The method of the invention is implemented as a 
computer program in the reconstruction unit 18. The recon- 
structed current reference images are processed according to 
the invention. Therefore, the previous imaging data, which 
is required for the matching procedure, is included firom a 
patient database server 22. The reoonstmction unit 18 trans- 
fers the scanning parameters, which are computed in accor- 



dance with the present invention, to the control unit 14, 
which initiates the <desired re-scanning procedure of the 
patient 21. 

[0034] The invention has been described with reference to 
the preferred emtxxiiment. Obviously, modifications aiKl 
alterations will occur to others upon reading and understand- 
ing the preceding detailed description. It is intended that the 
invention be construed as including all such modifications 
and alterations insofar as they come within the scope of the 
appended claims or the equivalents thereof. 

What is claimed is: 

1. Method for prescription of scarming parameters deter- 
mining the orientation and location of tomographic imaging 
planes, wherein a current reference scan (1) of an object is 
performed, the image data of the reference scan being 
analyzed, thereby extracting geometric data defining the 
ciurent orientation and location of the examined object in 
the scaimer, and wherein scanning parameters for one or 
more current examination scans (7) are computed by relating 
the current geometric data of the examined object to the 
corresponding geometric data of the same object during a 
previous examination (2), wherein the current orientation 
and location of the object relative to its orientation and 
location diuing the previous examination (2) is computed by 
matching (3) the current reference scan image data with the 
image data of a previous reference scan, the current exami- 
nation scanning parameters being calculated by adjusting the 
scanning parameters of the previous examination (2) in 
accordance with the relative orientation and location of the 
object during the current examination. 

2. Method of claim 1, wherein the matching of the current 
and previous reference scan image data is performed by 
identification of three or more corresponding landmark 
points in the scan volumes of both the current and previous 
reference scans. 

3. Method of claim 1, wherein the matching of the current 
and previous reference scan image data is performed by 
recognition of characteristic features in the images of both 
the ciurent and the previous reference scans. 

4. Method of claim 1, wherein the matching of the current 
and previous reference scan image data is performed by 
finding a geometric transformation that minimizes die dif- 
ferences between the two images. 

5. Computer program which prescribes the parameters 
defining the location and orientation of tomographic imag- 
ing planes for one or more current examination scans by 
processing the image data of a current reference scan, 
thereby extracting geometric data defining the current ori- 
entation and location of the examined object in the scanner, 
and further relating the current geometric data of the exam- 
ined object to the corresponding geometric data of the same 
object during a previous examination, wherein the current 
orientation and location of the object relative to its orienta- 
tion and location during the previous examination is com- 
puted by matching the ciurent reference scan image data 
with the image data of a corresponding previous reference 
scan, the current examination scanning parameters being 
calculated by adjusting the scarmiiig parameters of the 
previous examination in accordance with the relative orien- 
tation and location of the object during the current exami- 
nation. 

6. Computer program of claim 5, wherein both the current 
and the previous reference images are presented to a user by 



■ •'I. 

IK 



us 2002/0198447 Al 



Dec. 26, 2002 



means of a computer display device, thereby enabling the 
user to perform the matching of the current and the previous 
reference image data interactively by identifying three or 
more corresponding landmaric points in the scan volumes of 
both the ciurent and previous reference scans. 

7. Computer program of claim 6, wherein the matching of 
the current and previous reference scan image data is refined 
by automatic recognition of characteristic features in the 
images of both the current and the previotis reference scans 
and/or by finding a geometric transformation that minimizes 
the differences between the two images. 

8. Tomographic imaging apparatus comprising a scanner 
and a computer, wherein the seamier comprises means for 
generating tomographic images according to scanning 
parameters being prescribed by the computer, and wherein 
the computer comprises a memory and a program control 
wherein a current reference scan (1) of an object is per- 
formed, the image data of the reference scan being analyzed. 



thereby extracting geometric data defining the current ori- 
entation and location of the examined object in the scanner, 
and wherein scanning parameters for one or more ciuient 
examination scans (7) are computed by relating the current 
geometric data of the examined object to the corre^xindiiig 
geometric data of the same object during a previous exami- 
nation (2), wherein the current orientation and location of 
the object relative to its orientation and location during the 
previous examination (2) is computed by matching (3) the 
current reference scan image data with the image data of a 
previous reference scan, the current examination scanning 
parameters being calculated by adjusting the scannitig 
parameters of the previous examination (2) in accordance 
with the relative orientation and location of the object during 
the current examination. 
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(57) Abstract: The invention relates to 
a method of adapting imaging parameters 
for a con^uto- tomographic radiograph of 
a body volume, comprising the following 
steps: obtaining a three-dimensional pilot 
radiograph with a low dose of radiation 

(1) ; determining a region of interest and a 
desired image quality in the pilot radiograph 

(2) with the aid of a patient model (4) 
or interactively (3); determining optimal 
imaging parameters (5); generating an 
X-ray image using the determined imaging 
parameters (6). Optionally, the X-ray image 
is combined (7) with the pilot radiograph. 
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Device and method for ad^ting the recording parameters of a radiograph 



The invention relates to a method of adapting the imaging parameters of a 
medical radiograph of a body volume and also to a control device and X-ray apparatus 
designed to carry out the method. 



US 6 195 409 Bl discloses a method of adapting the imaging location of a 
computer-tomographic radiograph, in ywbich firstly a pilot image is taken of a patient's body 
volume that is to be imaged. Structure information is then derived from the pilot image in 
order to obtain a model of the imaging area which is then adapted to a stored patient model. 
The positions of imaging regions of interest that are known in the patient model, for example 
the profile of the spinal column, can thus be transferred onto the model. From this, it is 
possible to determine the geometric settings of the X-ray apparatus, which image the selected 
region of interest of the actual body. An adaptation of parameters that affect image quality is 
not described. 

Typically, when generating radiographs using for example a computer-aided 
tomography scanner, predefined protocols are used which prescribe a set of parameters 
(current of the X-ray tube, voltage of the X-ray tube, etc.) for each part of the body and the 
nature of the disorder that is to be investigated. These standard settings may accordingly be 
adapted in particular cases in accordance with the knowledge of the user, for example in the 
case of very large patients or in the case of small children. In the past, many improvements to 
X-ray technology have been developed, for example a reduction of the dose by means of 
adaptive filtering (WO 02/1 1 068 Al), by modulating the current of the X-ray tube (EP 1 1 72 
069 Al), by repeated scans at different aperture settings and the like. These developments 
comprise a previously unlcnown flexibility in the definition of the imaging protocol and in 
particular in the optimization of the unage quality for a region of interest. Nevertheless, the 
integration of this method into standard protocols is difficult on accoimt of the large number 
of degrees of freedom, hi particular, the high level of flexibility makes it practically 
impossible for the user of a CT system to define a nnaging protocol which delivers the 
desired image quality at a minimum dose of radiation. 
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Against this background, it is an object of the present invention to provide 
means for adapting the imaging parameters of a medical radiograph of a body volmne, in 
which a desired image quality can be achieved in a region of interest with minimum exposure 
to radiation. 

This object is achieved by a method having the features of claim 1, by a 
control device having the features of claim 10, and by an X-ray apparatus having the features 
of claim 16. Advantageous refinements are given in the dependent claims. 

The method according to the invention is used to adapt the imaging parameters 
of a medical radiograph of a body volume, where the imaging may in particular be a 
computer-tomographic two-dimensional or three-dimensional imaging. The method 
comprises the following steps: 

a) The obtaining of a '^odel" or representation of the body volume in 
question. The model is typically described by a two-dimensional or three-dimensional data 
record 

b) The determination of a region of interest on the basis of the 
abovementioned model or within the model. This determination may take place for example 
interactively by the user of the X-ray apparatus or automatically, 

c) The determination of imaging parameters for the region of interest, which 
are optimal with respect to a predefined criterion. The model from step a) is preferably used 
to define the imaging parameters. 

d) The generation of an X-ray image of the region of interest of the body 
volume, based on the determined optimal imaging parameters. 

The method described has the advantage that by using a model of the body 
volume it is possible to locate a region of interest and determine a set of optimal imaging 
parameters tailored thereto. The parameters are therefore defined specifically for the 
individxial case, but their determination requires that the examined patient be exposed to 
radiation only to a minimum extent. 

The imaging parameters which can be adapted by means of the method may 
include in particular the applied dose of radiation, the voltage of the X-ray tube, the current 
of the X-ray tube, the aperture setting of the X-ray apparatus, the filter setting of the X-ray 
apparatus, the imaging duration and/or the imaging area. In particular, the imaging 
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parameters can define not only the geometry of the X-ray image generated but also those 
variables that affect image quality. 

The obtaining of a model of the body volume according to step a) may take 
place m various ways. According to a first embodhnent, the model of the body volimie is 
obtained firom a "pilot" radiograph with a low dose of radiation. Preferably, the pilot 
radiograph gives a three-dimensional representation of the recorded body volume. By means 
of the pilot radiograph, a model that coincides exactly with the individual anatomy can be 
generated while exposing the patient to a minimum dose of radiation, and this model is then 
available for defining a region of interest and optimal imaging parameters. 

The abovementioned pilot radiograph is preferably used to generate the X-ray 
image in step d) of the method, so that the information contained therein and obtained under 
exposure to radiation — albeit a low dose — is not lost. 

According to another embodiment of step a), the model of the body volume is 
obtained firom stored previous radiographs of the body volume. In many cases, previous 
radiographs will aheady have been taken of a patient that is to be examined, and these can be 
called up from an archive. By using these existing data, a model which is matched 
individually to the patient can be obtained without extra exposure to radiation. 

Furthermore, a standardized patient model may also be used for step a) of the 
method. Said standardized patient model may consist for example of stored radiographs of a 
reference patient or be a mathematical model defined in abstract terms. The patient model 
also has the advantage that it can be obtained without the patient under examination having to 
be exposed to radiation. 

The above-described embodiments for obtaining the model by means of stored 
patient radiographs or a mathematical patient model are optionally adapted to at least one 
current radiograph of the body volimie. Such a two-dimensional or three-dimensional 
radiograph is preferably obtained with the patient being exposed to a very low dose of 
radiation and is used to adapt the aforementioned models individually to the present situation. 

According to a preferred embodiment of the method, the X-ray image of the 
body volume that is generated in step d) is reconstructed from X-ray projection images that 
have been taken from various directions. The optimal imaging parameters defined in step c) 
in this case preferably include values for a minimum aperture opening of the X-ray apparatus, 
which is defined such that the region of interest is detected along with a^border area of 
predefined width around the region in all projection images. The border area around the 
region of interest is necessary to ensure a sufficient imaging quality witiiin the region of 
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interest It is typically only a few millimeters. The aperture setting on the one hand ensures a 
complete and qualitatively good imaging of tiie region of interest and on the other hand, on 
account of the minimality, ensures tiiat tiie radiation to which the patient is exposed is limited 
to a minimum dose. 

Another embodiment of the invention is likewise based on the fact that the X- 
ray image is reconstructed from X-ray projection images from various directions. In tiiis case, 
the current of the X-ray tube (as an optimal parameter defined in step c) is modulated as a 
function of the projection direction of the X-ray projection images such that an image quality 
measure based on the region of interest is observed in the projection images. Such a 
modulation of the current of the X-ray tube may contribute to further iiuniraizing the amount 
of radiation to vsdiich the patient is exposed since the radiation dose is always set, as a 
function of the direction, only to the level required to ensure the desired image quality. 

Preferably, maximum doses of X-ray radiation that have to be observed are 
also taken into account in the determination of optimal imaging parameters in step c) of the 
method. Such maximum doses may be prescribed for example in the case of certain disorders 
or for specific organs and have a higher priority than a desired imaging quality. 

The invention furthermore relates to a control device for an X-ray apparatus 
for generating X-ray images of a body volume, where the control device comprises the 
following components: 

- a model imit for obtaining a model of the body volume; 

- a definition imit for determining a region of mterest on the basis of a model 
provided by the model unit; 

- a parameter determination imit for determining optimal imaging parameters 
for the region of interest determined by the definition unit. 

The control device may be formed for example by a data processing unit 
(computer, microprocessor) having data and program memories. It can be used to carry out 
the abovementioned method so that the advantages thereof can be obtained. The control 
device is preferably designed such that it can also carry out the abovementioned variants of 
the method. 

In particular, the control device may include a user interface (keyboard, 
mouse, monitor, disk, etc.) via which a user can provide the control device with data or 
receive data from the control device. The user interface is preferably designed such that it 
permits interaction with the definition unit so that a user can interactively define a region of 
interest. 
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Furthermore, the control device may include an interface for the cbimection of 
an X-ray radiation source and/or an X-ray detector. Via this interface the control device can 
then receive data from the aforementioned devices (particularly raw imaging data from the 
X-ray detector) and transmit information and control commands to said devices. 

The control device may furthermore comprise an image processing unit 
coupled to the model unit, for processing (raw) X-ray data to form an X-ray image. By virtue 
of the coupling to the model imit, it is possible to also take into accoxmt, in the processing, 
information from the model unit, such as a pilot radiograph for example. 

The imaging parameters defibaed by the parameter determination imit may be, 
in particular, the appUed dose of radiation, the voltage of the X-ray tube, the current of the 
X-ray tube, the aperture setting, the filter setting, the imaging duration and/or the imaging 
area. 

The model unit of the control device is optionally designed to obtain the model 
of the body volume from a preferably three-dimensional pilot radiograph with a low dose of 
radiation. 

The invention furthermore relates to an X-ray apparatus for generating X-ray 
images, which comprises the following components: 

- an X-ray radiation source for generating a bundle of X-rays; 

- an X-ray detector for the locally resolved measurement of the X-ray radiation 
after passing through title body of a patient; 

- a data processing unit connected to the X-ray radiation source and the X-ray 
detector, for controlling the image generation and for processing the radiographs obtained. 

The data processing is designed to carry out the following steps: 

- obtaining a model of the body volume; 

- deterniining a region of interest on the basis of the model; 

- determining optimal imaging parameters for the region of interest; 

- generating an X-ray image of the region of interest of the body volume based 
on the optimal imaging parameters. 

The X-ray apparatus can be used to carry out the abovementioned method so 
that the advantages thereof are obtained. The X-ray apparatus or the data processing unit 
thereof is preferably designed such that it can also carry out the abovementioned variants of 
the method. 
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The mvention will be further described with reference to examples of 
embodiments shown in the drawings to 'wdiich, ho wevCT, the invention is not restricted. 

Fig. 1 is a flowchart of the method according to the mvention for adapting 
imaging parameters. 

Fig. 2 is a schematic section through a body volume with a region of interest 
and the relevant variables for calculating an aperture setting. 



Fig. 1 shows the successive steps of a method according to the mvention for 
optimizing the imaging protocol of an X-ray image. Hereinbelow, the case of cornputer-aided 
tomography will be considered by way of example, although the method is not restricted 
thereto. Furthermore, fig. 1 shows in dashed lines the components of a control device in 
which the corresponding method steps can be carried out. The control device may in this case 
be in particular a data processing xmit with associated data and program memories. The 
various components of the control device are in this case formed by various modules of a 
program running on the data processing unit. 

In the first step 1 or in a model unit 20 a three-dimensional pilot radiograph is 
recorded or reconstructed with a low dose of radiation in order to obtain a model of the body 
volume that is to be examined. 

In the next step 2 a diagnostically relevant region of interest (cf reference 12 
in fig. 2) is defined from this pilot radiograph. Furthermore, a desired image quality is 
defined for this region of interest, and this may be effected for example by specifying the 
maximimi noise. The region of interest and the image quality may be defined interactively by 
the operator of the X-ray apparatus (step 3). Alternatively, they can also be defined, 
according to step 4, with the aid of a predefined, stored patient model comprising application- 
specific predefined regions and image quaUty parameters, where the patient model is adapted 
to the pilot radiograph for example by means of elastic registering (cf. P. Rosch et al., 
"Robust 3D deformation field estimation by template propagation*', Proc. of MICCAI 2000, 
LNCS 1935). Steps 2, 3 and 4 are carried out in a definition unit 21 of the control device. 

Using the information determined, the imaging parameters contained in a 
reference protocol are optimized (see below) in step S or in a parameter determination unit 
22, in order to reduce the radiation dose while at the same time ensuring the desired image 
quality. The optimal imaging parameters determined in this way are then used as a basis in 
the generation of the actual X-ray image in step 6. 
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In step 7 or in an image processing unit 23, tiie resulting data of the X-ray 
image from step 6 are optionally combined with the data obtained with a low dose of 
radiation in step 1, and the final X-ray image is reconstructed. 

Besides the optimization of the image quality Ld a defined region of interest, it 
5 may also be important to reduce or limit the dose for specific organs during the obtaining of 
the image. This information may be taken into accoxmt in step 2 of fig. 1 . The subsequent 
adaptation and optimization of the imaging protocol is then directed at a compromise 
between image quality and dose reduction for specific organs or at a maximum achievable 
image quality in the region of interest vAdlc at the same time satisfying dose limitations in all 
10 regions. 

The model can also be obtained in step 1 by using previotisly obtained 
tomographic patient images from an archive or by using tomographic data from a reference 
patient. In these two cases, data defined interactively on the models, such as a region of 
interest for example, must be adapted to the patient dxiring the diagnosis. This may be 

15 effected for example by one or two pilot images beiag generated at different angles, said pilot 
images being adapted two-dimensionally or three-dimensionally to the previous patient data 
(first case) or to the reference data (second case) (cf. G.P. Penney, J, A. Little, J. Weese, 
D.L.G. Hill, D.J. Hawkes, "Deforming a preoperative volume to represent the intraoperative 
scene", Comput. Aided Surg. 2002, 7(2), 63; G.P. Penney, J. Weese, J. A. Little, P. Desmedt, 

20 D.L.G. Hill, DJ. Hawkes, "A comparison of similarity measvires for use in 2D-3D medical 
unage registration", IEEE Trans. Med. Imag. 1998, 17(4), 586). 

An important step in the abovementioned method is the determination of 
optimized imaging parameters in step 5. By way of example, one of many possible 
embodiments of this optimization step 5 will be described below in more detail. 

25 Fig. 2 in this respect shows the circxalar field of view 1 1 of a CT scanner 

rotating in the direction of the arrow 14, said CT scanner containing the body 10 of a patient. 
Within the body 10 there is a region of interest 12 shown in gray, and this region of interest is 
to be examined and (exclusively) imaged in detail. In order to simplify the description, fig. 2 
refers to a geometry having parallel X-rays and to the obtaining of a single sectional image. 

30 The X-ray radiation X passes through the body volume 10 at an angle 9 relative to the 

horizontal. In one complete X-ray scan, a series of such projection images are generated over 
an interval of 1 80^ of the projection angle 6. The individual projection.images are described 
by the projection function p(6,^), where ^ is the distance measured with respect to a ray 
nmning through the center point M of the field of view 1 1 (at the same time center of rotation 
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of the CT scan). The aim of a computer-tomogr^hic imaging is to reconstruct, from the 
projection images p of all projection directions 9, the image points f (x,y) of the imaged 
region, where x and y are coordinates with respect to the center point M of the field of view. 
The equations (cf EP 1 172 069 Al) 

fix>y) = jd0 d^p(0,i) kix cose + y sine 
<^\x,y) oc jde r\e,i) e"**-" k^Cxcose + yshie-i) 
may be used to derive a specific strategy for determining optimal imaging parameters for step 
5 of the method of fig. 1 . The variable ty^(x. y) is in this case the noise of the reconstructed 
image f (x,y) in the case of a filtered back-projection with the filter core k(^). The variable 
1(9,^) describes the current of the X-ray tube during the imaging of the image, where the 
dependence on the projection angle 9 detects any modulation of the current of the X-ray mbe 
to minimize the radiation dose. The (virtual) dependence of the X-ray tube current I on the 
coordinate 4 takes into account the effect of apertures 13a, 13b or filters and the resulting 
variation in the radiation intensity within a projection image p(e,^) in a given projection 
direction 9. 

Since the filter core k(4) decreases rapidly as the value |^| of its argument 
increases, the intensity of X-rays more than a defined distance r away from the region of 
interest 12 can be considerably reduced without thereby notably increasing the noise in the 
region of interest 12. Against this background, it is possible to define the position of two 
semi-transparent apertures 13a, 13b as a function of the region of interest 12, as described 
below. 

Fig. 2 shows, for a given projection angle 9, two X-rays having the 
coordinates 4, (9) and (0), which make contact with the region of interest 12 on its left and 
right side, respectively. The greater of the two absolute values of said coordinates assumes a 
minimum value at a defined projection angle 9min: 

Furthermore, the maximum distance d™« from the center of rotation M of the CT scan which 
a point Q of the region of interest 12 may have is determined. 

Using the two variables ^„i„ and d^ax and also the distance r for which the 
amount of X-ray radiation in the reconstructed image is approximately negligible, the 
positions of the two apertures 13a, 13b are determined as follows: 
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Using these aperture positions pi and p2, projections from the angular range 
[6min, 9min+l 80°] are obtained by switching tiie current of the X-ray tube on during the 
rotation of the X-ray tube in the direction of the arrow 14 at the angular position Gmm and 
switching it off again when the position Gmin+lSO'' is reached. 

Sectional artefacts within the reconstructed image, which are represented by 
singularities in the quality of the image, may be avoided by using the pilot image obtained 
at a low dose in step 1 of fig. 1, which was used to plan and optimize the imaging protocol, to 
complete the data obtained. 

The method described provides a means of optimizing a imaging protocol 
which allows the adaptation of a protocol to an individual patient, a local definition of image 
quaUty parameters and a local limitation of the radiation dose used during a CT imaging. 
Firstly, pilot images or 3D images are obtained while exposing the patient to a low dose of 
radiation. Within these images, the diagnostically relevant regions and the desired image 
quality are defined. Using this information, the imaging parameters of a reference protocol, 
such as the apertxire settings and the modulation of the current of the X-ray tube for example, 
can then be optimized, in order to reduce the dose while ensuring the image quality. The 
resulting imaging protocol is finally used for image generation and reconstruction purposes. 
The pilot imaging at a low dose of radiation generated in the first step can be used in the 
reconstmction of the final image. It is advantageous in the method that the image parameters 
and the dose can be optimized for this purpose both in the projection plane and 
perpendicularly since a three-dimensional model is used. In this way, it is possible to take 
sufficient account for example of stractures which require a dose reduction (for example the 
eyes in the case of head scans). 
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CLAIMS: 



1 • A method of adapting the imaging parameters of a medical radiograph of a 

body volume, comprising the steps: 

a) obtaining a model of the body volume; 

b) determining a region of interest (12) on the basis of the model; 

c) determining optimal imaging parameters for the region of intCTest (12); 

d) generating an X-ray image of the region of interest (12) of the body volume 
based on the optimal imaging parameters. 

2- A method as claimed in claim 1 , characterized in that the imaging parameters 

include the applied dose of radiation, the voltage of the X-ray tube, the current of the X-ray 
tube, the aperture setting, the filter setting, the imaging duration and/or the imaging area. 

3 • A method as claimed in claim 1 , characteri2»d in that the model of the body 

volume is obtained fi-om a preferably three-dimensional pilot radiograph with a low dose of 
radiation. 

A method as claimed in claim 3, characterized in that the pilot radiograph is 
used in the generation of the X-ray image in step d). 

5- A method as claimed in claim 1 , characterized in that the model of the body 
volume is obtained from stored previous radiographs of the body volume or fi-om a stored 
patient model. 

6- A method as claimed in claim 5, characterized in that the model of the body 
volume is adapted to at least one current radiograph. 



^' A method as claimed in claim 1 , characterized in that the X-ray image in step 

d) is reconstructed from projection images from various directions, and in that a miniTrmTn 
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aperture opening of the X-ray apparatus is defined such that the region of interest (12) is 
detected along with a predefined border area in all projection images. 

8. A method as claimed in claim 1 , characterized in that the X-ray image is 
reconstructed fi-om projection images from various dkections, and in that the current of the 
X-ray tube is modulated as a function of the projection direction such that an image quahty 
measure relating to the region of interest (12) is observed. 

9. A method as claimed in claim 1, characterized in that maximum doses of 
X-ray radiation that miist be observed are taken into accoimt when determining optimal 
imaging parameters in step c). 

10. A control device for an X-ray apparatus for generating X-ray images of a body 
volume, comprising 

- a model imit (20) for obtaining a model of the body volume; 

- a definition unit (21) for determining a region of interest (12) on the basis of 
a model provided by the model unit (20); 

- a parameter determination unit (22) for determining optimal imaging 
parameters for the region of interest (12) determined by the definition unit (21). 

11. A control device as claimed in claim 1 0, characterized by a user interface (3) 
which in partictdar permits interaction with the definition unit (21). 

12. A control device as claimed in claim 10, characterized by an interface for the 
connection of an X-ray radiation source and/or of an X-ray detector. 

13. A control device as claimed in claim 10, characterized by an image processing 
unit (23) coupled to the model unit (20), for processing X-ray data to form an X-ray image. 

14. A control device as claimed in claim 10, characterized in that the imaging 
parameters include the applied dose of radiation, the voltage of the X-ray tube, the current of 
the X-ray tube, the aperture setting, the filter setting, the imaging duration and/or the imaging 
area. 
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15. A control device as claimed in claim 1 0, characterized in that the model unit 
(20) is designed to obtain the model of the body volume jBx)m a preferably three-dimensional 
pilot radiograph with a low dose of radiation. 

16. An X-ray apparatus for generating X-ray images, comprising 

- an X-ray radiation source; 

- an X-ray detector; 

- a data processing unit connected to the X-ray radiation source and the X-ray 
detector, for controUing the image generation and for processmg the radiographs obtained; 
wherein the data processing unit is designed to carry out the following steps: 

- obtaining a model of the body volume; 

- determining a region of interest (12) on the basis of the model; 

- determining optimal imagmg parameters for the region of interest (12); 

- generating an X-ray image of the region of interest (12) of the body volume 
based on the optimal imaging parameters. 
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(57) Abstract: The invention relates to 
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(2) with the aid of a patient model (4) 
or interactively (3); determining optimal 
imaging parameters (5); generating an 
X-ray image using the determined imaging 
parameters (6). Optionally, the X-ray image 
is combined (7) with the pilot radiograph. 
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